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Description 

This invention is in the field of hemodialysis 
and peritoneal dialysis and relates to improved 
materials and procedures for the preparation of 
dialysates {which are also known as "dialysis 
solutions" and as "dialysate solutions") compris- 
ing bicarbonate ions. The improved materials and 
improved methods of this invention are applic- 
able to batch preparation of a dialysis solution 
and to the preparation of a dialysis solution on a 
continuous basis to supply a single hemodialysis 
machine which is also known as an "artificial 
kidney" (sometimes shortened to "kidney"), or to 
supply a plurality of such machines ("kidneys"). 

Patent art in the dialysis field is directed mainly 
towards apparatus and methods of handling 
dialysate solutions comprising sodium acetate as 
the primary alkalizing agent The widespread use 
of acetate systems came about in the early 1 960's 
when sodium acetate was commonly substituted 
for sodium bicarbonate as the fixed base in 
dialysis solutions (See Mion et al, "Substitution of 
Sodium Acetate for Sodium Bicarbonate in the 
Bath for Hemodialysis", Trans. Am. Soc. Artif, 
Internal Organs, 10:110, 1964). 

This was done primarily because the sodium 
acetate-containing solutions were more stable in 
use in that the acetate ion does not cause 
calcium and magnesium ions to precipitate, 
whereas the available sodium bicarbonate-com- 
prising solutions were less stable because of the 
low solubility of calcium and magnesium car- 
bonates which tended to precipitate, thereby 
changing the ion concentration of the dialysis 
solution and tended to plug the semiporous 
membranes comprising the artificial kidney. The 
tendency for calcium and magnesium carbonates 
to precipitate at solution use concentrations 
caused the switch in about 1964 from sodium 
bicarbonate to sodium acetate as the primary 
alkalizing agent. This switch also made possible 
the use of proportioning pumps to handle dialysis 
solution concentrates (which, on dilution, form 
dialysis solutions). 

Information indicating that there is "less dialy- 
sis-induced moribidity and vascular instability 
with bicarbonate in dialysate" is now surfacing 
(See, for example, Graefe et al, March, 1978 
Annals of Internal Medicine, Vo. 88, No. 3 at pages 
332—336). It is now apparent that bicarbonate 
dialysate solutions, rather than acetate solutions, 
are better tolerated by patients. 

Prior art systems wherein dialysis solutions are 
prepared by admixing an acid-comprising con- 
centrate and a bicarbonate-comprising concen- 
trate with water are known. One such system is 
described in U.S. Patent 4,202,760 (Storey et al). 
Another system is known as the Bio-Systems 
MAKS 400 Bicarbonate Supply Machine. Still 
another is known as the Drake-Willock Central 
Delivery System 7702. These systems are de- 
signed to use commercially available state-of-the- 
art acid comprising concentrates and bicarbo- 
nate-comprising concentrates as hereinafter de- 



scribed. It is recognized that products of this 
invention can be adapted for use in these systems 
provided specific equipment modifications and 
procedures are followed as hereinafter described. 
5 The apparatus of the Storey et al patent com- 
prises a main supply line between a water supply 
and the "kidney", and includes a primary recircu- 
lation loop including venturi means for mixing the 
dialysate concentrate with de-aerated water and, 

io optionally, a secondary recirculation loop for 
preliminarily forming a dilute bicarbonate con- 
taining solution which is then fed to the primary 
recirculation loop for mixing with the dialysate 
components and supply to the "kidney". The 

is Storey et al invention requires recirculation of a 
quantity of the mixed fluid through the mixing 
venturi in both recirculating loops in an amount 
which exceeds the fresh -water input rate by an 
amount of preferably 50 to 150 percent of the 

20 fresh water intake. The preferred operating 
method includes the bicarbonate addition step as 
a partial or complete replacement for acetate in 
the produced hemodialysis solution. 
In one example of the Storey etal patent as set 

25 forth to illustrate the best form of the invention 
contemplated for use in hemodialysis where all of 
the acetate in a normal dialysate is replaced by 
bicarbonate, the bicarbonate-saline concentrate 
of Storey et al is a mixture of 31 .4 grams per liter 

30 (g/l) of NaCI and 60.6 g/l of NaHC0 3 , and a 
modified dialysate acid concentrate containing 
160 g/l NaCI, 5.5 g/I KCL, 8.2 G/l CaCI 2 , 5.6 g/l 
MgCI 2 and 5.1 g/l HCp. As taught by Storey et al, 
the uniqueness of their apparatus for preparing 

35 dialysate for use in hemodialysis resides in the 
use of recirculating in-line material through a 
venturi used as a means to introduce concentrate 
solutions into the recirculating material. 
The Bio-Systems MAKS 400 Bicarbonate 

40 Supply Machine comprises: 

(a) an acid-comprising concentrate measuring 
tank; 

(b) a bicarbonate-comprising concentrate 
measuring tank; 

45 (c) a solution mixing tank; 

(d) a water supply; 

(e) a dialysate supply holding tank; 

(f) various means for temperature control and 
material handling. 

so The MAKS 400 Bicarbonate Supply Machine is 
designed to utilize state-of-the-art acid-compris- 
ing concentrates and bicarbonate-comprising 
concentrates by admixing said concentrates with 
water in a time sequence controlled batch manner 

55 such that, when approximately one volume of 
acid concentrate and two volumes of bicarbonate 
concentrate are mixed with water, 35 volumes of 
dialysate is produced. 
Commercially available products, such as 

60 Naturalyte #9006, may be used in this machine. 
The acid concentrate of Naturalyte #9006 con- 
tains 7.149 g/l CaCI 2 , 0.876 g/l MgCl a , 2.750 g/l KCI, 
185.100 g/l NaCI and 8.850 g/l acetic acid. The 
companion bicarbonate concentrate of Naturalyte 

65 #9006 is made by dissolving a particulate admix- 
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ture of sodium bicarbonate (626 grams) and 
sodium chloride (221 grams) to form a bicarbo- 
nate concentrate containing 24.715 g/l NaCI and 
70.006 g/l NaHC0 3 . 

The Drake-Willock Central Delivery System 
7702 comprises interconnected reciprocating pro- 
portioning pump means to admix an acid-con- 
taining concentrate and a bicarbonate-comprising 
concentrate with water to produce dialysate. This 
equipment is designed to use products such as 
marketed by Renai Systems, Inc. under the 
tradename of BC-1 SB-1 000 Bicarbonate System. 
This bicarbonate concentrate contains 23.59 g/l 
NaCI and 66.03 g/l NaHC0 3 . For single patient use, 
requiring 190 liters dialysate per patient, a bicar- 
bonate-comprising concentrate is made by dissol- 
ving the contents of the marketed BC-1 Bicarbo- 
nate Concentrate Powder containing 223 grams 
NaCI and 624 grams NaHC0 3 in 2.5 gallons of 
water (9.45 liters).' The companion SB-1 000 aque- 
ous acid concentrate marketed contains 3.85 g/l 
CaCI 2 , 1.42 g/l MgCI 2 , 2.96 g/l KCl, 91.85 g/l NaCI 
and 4.82 g/l acetic acid. When 9.45 liters of this 
acid concentrate and 9.45 liters of the aforemen- 
tioned bicarbonate concentrate are pro- 
portionately admixed with 171 liters of water, 190 
liters of dialysate is produced. 

Recent patent art dealing with apparatus and 
method for preparing a hemodialysis solution, 
optionally containing bicarbonate, is reviewed in 
the aforesaid U.S. Patent 4,202,760 to Storey et at 
issued May 13, 1980, U.S. Patent Nos. 3,515,275 
and 3,920,556 and patents cited therein describe 
the use of positive displacement piston pumps in 
continuous dialysate supply systems for a single 
artificial kidney. Other patents relating thereto 
include: U.S. Patent Nos. 3,406,826, 3,598,727 and 
3,878,095. These patents disclose double-acting 
piston and cylinder units or variable output posi- 
tive displacement pumps which are mechanically 
adjustable for controllable response to 
measurement of conductivity or dialysate com- 
ponent concentrations to adjust the product sol- 
ution (dialysate) concentrate to pre-set, predeter- 
mined limits. Additional patents which should be 
considered to place the present invention in 
proper perspective include U.S. Patent Nos. 
3,352,779; 3,690,340, 3,722,680; 3,753,493; 
3,843,099 and 3,882,020. 

WO— A— 8 103 180 describes a system for pre- 
paring a bicarbonate-containing dialysate sol- 
ution by admixing a sodium carbonate solution 
with an aqueous solution containing hydrochloric 
acid and/or acetic acid. Several examples of the 
latter solution based on hydrochloric acid are 
given. In each case, the solution additionally 
contains inter alia sodium chloride. 

EP — A — 0 022 922 describes a dialysis solution 
prepared from first and second storable bac- 
teriostatic concentrates. One concentrate includes 
sodium carbonate or bicarbonate and the other 
concentrate includes an acid such as hydrochloric 
acid. In each of the examples given, the hydro- 
' chloric acid-containing concentrate includes 
sodium chloride. 



EP— A— 0 034 916 describes water-free com- 
positions for use in preparing dialysates. More 
particularly, it discloses water free bicarbonate- 
containing compositions for subsequent dissolu- 
5 tion in water and acidification to form a solution 
for use in dialysis. However, the bicarbonate- 
containing compositions additionally include cal- 
cium and magnesium salts. 

10 Summary of the invention 

This invention provides, at a relatively low cost, 
improved material formulations and an Improved 
method for preparing bicarbonate comprising 
solutions for dialysis use. The materials include, 

is in each instance; (1) a highly concentrated acidic 
solution which I prefer to call "an acidic concen- 
trated aqueous solution" or "an acidic concen- 
trated first aqueous solution". Said solution com- 
prises physiologically acceptable (or suitable) cal- 

20 cium salts in a predetermined amount and, op- 
tionally, a suitable magnesium salt in a predeter- 
mined calcium-to-magnesium ratio and a specific 
amount of physiologically acceptable acid to ob- 
tain a pH of the final dialysis solution between 7.2 

25 and 7.4; and (2) a particulate product comprising 
or consisting essentially of NaHC0 3 , NaCI and, 
optionally, KCl, in predetermined ion ratios (or 
concentrations) and, also optionally, dextrose. 
The preferred method for preparing such dialysis 

30 solutions comprises: (1) forming a bicarbonate- 
comprising aqueous concentrate by dissolving 
said particulate product in water; (2) preferably 
separately diluting the highly concentrated sol- 
ution comprising calcium and said bicarbonate- 

35 comprising aqueous concentrate to form two 
diluted solutions, each of said diluted solutions 
having a volume which is about 1/2 of the final 
dialysis solution volume; and (3) concurrently 
admixing the two aforesaid diluted solutions to 

40 form the final dialysis solution for use in 
hemodialysis or peritoneal dialysis. 

The aforementioned highly concentrated acid 
solution (the acidic concentrated aqueous sol- 
ution) of the instant invention contains all of the 

45 acid, all of the calcium salt and ail of the mag- 
nesium salt (if present) used in formulating the 
dialysis solutions of said invention. Said acidic 
concentrated aqueous solution is free of sodium 
chloride and sodium bicarbonate. 

so All of the sodium bicarbonate and all of the 
sodium chloride, plus all of the potassium 
chloride (where present) and all of the dextrose 
(where present) which are used for dialysis solu- 
tions of the instant invention are provided by a 

55 second aqueous solution which is prepared from 
a substantially water-free particulate mixture (or 
particulate admixture product) which contains all 
of said sodium bicarbonate, said sodium chloride, 
said potassium chloride and said dextrose. 

60 According to one aspect of the present inven- 
tion there is provided a method for preparing a 
bicarbonate dialysis solution, said dialysis sol- 
ution consisting essentially of: (a) about 120 to 
155 m Eq per litre of sodium ions; (b) about 30 to 

65 42 m Eq per litre of bicarbonate ions; (c) about 1 
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to 5 m Eq per litre of calcium ions; (d) about 80 to 
115 m Eq per litre of chloride ions; and (e| water 
to make one litre, which method comprises dilut- 
ing with water an acidic concentrated first aque- 
ous solution (A) consisting essentially of an 
amount of calcium chloride effective for providing 
about 1 to 5 m Eq of calcium ions per litre of said 
dialysis solution and an amount of physiological- 
ly acceptable acid effective for causing said dialy- 
sis solution to have a pH of 7.2 to 7.4, said acidic 
concentrated first aqueous solution being free of 
sodium chloride; diluting with water a second 
aqueous solution (B) consisting essentially of all 
of the sodium ions and all of the bicarbonate ions 
present in said dialysis solution and being free of 
calcium and magnesium salts, and admixing the 
diluted solutions to form said dialysis solution. 

Preferably, the acid concentrated first aqueous 
solution contains up to 115 grams per litre of 
magnesium chloride and the physiologically 
acceptable acid is a' member selected from the 
group consisting of acetic acid, lactic acid and 
hydrochloric acid. 

It is preferred for said second aqueous solution 
to contain an amount of potassium chloride effec- 
tive for providing up to 3 m Eq of potassium ions 
per litre of said dialysis solution or an amount of 
dextrose effective for providing up to 50 grams of 
dextrose per litre of said dialysis solution. 

According to second and third aspects of the 
present invention, there is provided an acidic 
concentrated first aqueous solution for preparing 
said dialysis solution and consisting essentially of 
either (i) water from about 50 to 550 grams per 
litre of calcium chloride and either from about 275 
to 475 grams per litre of acetic acid or from about 
70 to 90-grams per litre of hydrochloric acid or 
from about 400 to 700 grams per litre of lactic acid 
and being free of sodium chloride or (ii) water 
from about 50 to 435 grams per litre of calcium 
chloride, from about 0 to 115 grams per litre of 
magnesium chloride and either from about 275 to 
475 grams per litre of acetic acid or from about 70 
to 90 grams per litre of hydrochloric acid or from 
about 400 to 700 grams per litre of lactic acid and 
being free of sodium chloride, respectively. 

According to a fourth aspect of the present 
invention there is provided a method of preparing 
a predetermined volume of a dialysis solution 
comprising: 

(a) diluting the acidic concentrated first aque- 
ous solution of the second and third aspects of 
the invention with an amount of water effective 
for forming a first solution having about one-half 
the volume of said dialysis solution; 

(b) forming a second solution by dissolving a 
particulate water-free admixture which is free of 
calcium and magnesium salts and is selected 
from the group consisting of: (t) an admixture 
consisting essentially of about 40 to 70% by 
weight sodium chloride, about 20 to 40% by 
weight sodium bicarbonate, about 0 to 3% by 
weight potassium chloride and about 0 to 40% by 
weight dextrose; (ii) an admixture consisting 
essentially of about 63.5% by weight sodium 



chloride, about 35% by weight sodium carbonate 
and about 1.5% by weight potassium chloride; 
and (iii) about 36% by weight sodium chloride, 
about 24% by weight sodium bicarbonate, about 
5 0.85% by weight potassium chloride and about 
40% by weight dextrose; 

(c) diluting said second solution with an 
amount of water effective for forming a third 
solution having about one-half the volume of said 

10 dialysis solution; 

(d) concurrently admixing said first solution 
and said third solution to form said dialysis 
solution; and 

(e) recovering said dialysis solution. 

15 According to a fifth aspect of the present inven- 
tion there is provided a method for preparing a 
bicarbonate dialysis solution, said dialysis sol- 
ution consisting essentially of (a) about 120 to 155 
m Eq per litre of sodium ion; (b) about 30 to 42 m 

20 Eq pep litre of bicarbonate ion; (c) about 1 to 5 m 
Eq per litre of calcium ion; (d) about 0 to 2 m Eq 
per litre magnesium ion; (e) about 0 to 7 m Eq per 
litre of acetate ion; (f) about 0 to 3 m Eq per litre of 
potassium ion; (g) about 0 to 5 grams per litre 

25 dextrose; (h) about 80 to 115 m Eq per litre 
chloride ion; (i) about 0 to 5 m Eq per litre lactate 
ion; and (j) water to make one litre, said dialysis 
solution being prepared by admixing water and 
an acid concentrate which is free of sodium 

30 chloride and which consists essentially of water, 
calcium chloride, magnesium chloride when re- 
quired and an amount of acetic acid, hydrochloric 
or lactic acid effective for causing the dialysis 
solution to have a pH of 7.2 to 7.4, with an 

35 aqueous solution consisting of sodium bicarbo- 
nate, sodium chloride, potassium chloride when 
required and dextrose when required; the aque- 
ous bicarbonate-comprising solution being pre- 
pared by admixing with water a substantially 

40 water-free particulate admixture which consists 
essentially of sodium chloride, sodium bicarbo- 
nate, potassium chloride when required and dex- 
trose when required and which is free of calcium 
and magnesium salts. 

45 According to a sixth aspect of the present 
invention there is provided a method for prepar- 
ing about 2 litres of a solution useful for peritone- 
al dialysis which method comprises: (a) packag- 
ing, in a flexible plastic bag, about 45.7 grams of a 

so substantially water-free particulate admixture 
which consists essentially of 589 parts by weight 
of sodium bicarbonate, 823 parts by weight of 
sodium chloride and 2,700 parts by weight of 
dextrose and which is free of calcium and mag- 

55 nesium salts; removing air from said flexible 
plastic bag, and sealing the resulting substantially 
air-free flexible plastic bag; (b) packaging, in a 
needle equipped hypodermic syringe, about 
1.666 ml of an acidic concentrated aqueous sol- 

60 ution which consists essentially of 233 grams of 
calcium chloride per litre, 85 grams of mag- 
nesium chloride per litre and 378 grams of lactic 
acid per litre and which is free of sodium chloride; 
(c) adding about 2 litres of de-aerated waterto the 

65 substantially air-free flexible plastic bag without 
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introducing air into the bag, and dissolving said 
water-free particulate admixture in said water; 
and (d) transferring the aforesaid acidic concen- 
trated aqueous solution from the hypodermic 
syringe to the solution in said bag and mixing the 
resulting composition therein to form said sol- 
ution useful for peritoneal dialysis. 

Brief description of the drawings 

Figure 1 illustrates the effect of pH on bicarbo- 
nate containing dialysate stability against precipi- 
tate formation; 

Figure 2 illustrates how pH varies with com- 
position-wise identical dialysis solutions differing 
only in order and manner of diluting the com- 
ponents before admixing; and 

Figure 3 illustrates how the concentrates of this 
invention differ from those of the prior art 

Description of preferred embodiments 

The instant invention will be better understood 
by referring to the following specific but nonlimit- 
ing examples. It is understood that said invention 
* is not limited by these examples which are 

offered merely as illustrations. 

Example 1: 

A quantity of calcium ion, magnesium ion and 
chloride ion-comprising acid concentrate, and a 
quantity of bicarbonate ion, sodium ion and 
potassium ion-comprising concentrate, formu- 
lated to produce by admixture with water 180 
litres of dialysis solution (dialysate) containing, in 
milli-equivalents per litre (m Eq per litre): Na + , 
137; K*, 2; Ca +2 , 3; Mg +2 , 1.5; HC0 3 ~, 36; CP, 
107.5 were made as follows: 

Acid concentrate preparation: 

199.8 grams of CaCI 2 , 85.7 grams of MgCI 2 and 
77.99 grams of hydrochloric acid were dissolved 
in water to a volume of one litre. One hundred 
and fifty (150) cubic centimeters of this concen- 
trate (the resulting acid concentrate) is sufficient 
to supply the magnesium ions, the calcium ions 
and a portion of the chloride ions required in the 
foregoing dialysate formulation. 

Bicarbonate concentrate preparation: 

A unit package, the contents of which when 
dissolved in water will supply the bicarbonate ion, 
the potassium ion, the sodium ion and the bal- 
ance of the chloride ion required in the foregoing 
180 liters of dialysis solution (dialysate formula- 
tion), was prepared by admixing 1,062.9 grams of 
sodium chloride, 544.45 grams of sodium bicar- 
bonate and 26.85 grams of potassium chloride. 
This unit package was dissolved in water to a 
volume of 9 liters to form a bicarbonate-compris- 
ing concentrate (an aqueous solution consisting 
essentially of all the sodium ions and all the 
bicarbonate ions present in the dialysis solution 
of this example). 

When the foregoing acid concentrate in the 
amount of 150 cc volume and the bicarbonate- 
comprising concentrate in the amount of 9 liters 



was admixed with 170.85 liters of water, a dialysis 
solution having the foregoing composition were 
formed. 

5 Example 2: 

A quantity of calcium ion, magnesium ion, 
chloride ion and acetate ion-comprising acid con- 
centrate and a quantity of sodium ion, potassium 
ion, bicarbonate ion and chloride-comprising con- 

w centrate sufficient to produce, by admixing with 
water, 180 liters of dialysate containing in mi Hie- 
quivalents per liter: Na + , 148.2; K\ 1.0; Ca~ 2 , 3.5; 
Mg +2 , 0.5; CP, 111.86; HCCV, 41.39; Ac" (acet- 
ate), 4,0, were made as follows: 

15 

Acid concentrate preparation: 

232.6 grams of CaCI 2 , 28.5 grams of MgCI 2 and 
287.92 grams of acetic acid were dissolved in 
water to a volume of one liter. One hundred fifty 

20 cubic centimeters of this concentrate is sufficient 
to supply the calcium ions, the magnesium ions, 
the acetate ions and a portion of the chloride ions 
required in the foregoing 180 liters of dialysate 
formulation. 

25 

Bicarbonate concentrate preparation: 

A unit package, the contents of which was 
dissolved in water to a volume of 12.85 liters to 
prepare the bicarbonate concentrate was pre- 

30 pared by admixing 1,124.37 grams of sodium 
chloride, 625.99 grams of sodium bicarbonate 
and 13.42 grams of potassium chloride. The 12.85 
liters of this bicarbonate-comprising concentrate 
will supply all of the sodium ions, the potassium 

35 ions, the bicarbonate ions and the balance of the 
chloride ions required in the dialysis solution of 
this example. 

When the foregoing acid concentrate in 150 cc 
volume and the bicarbonate-comprising concen- 

40 trate in 12.85 liters volume were admixed with 
167 liters of water, 180 liters of a dialysis solution 
having the foregoing composition were formed. 

Example 3: 

45 A quantity of a calcium ion, magnesium ion, 
chloride ion and acetate ion-containing concen- 
trate, and a quantity of sodium ion, potassium 
ion, bicarbonate ion and chloride ion-containing 
concentrate sufficient to produce, by admixture 

so with water, 180 liters of dialysate, containing in 
milli-equivalents per liter: Na*, 137.1; K*, 1.97; 
Ca* 2 , 3.46; Mg +2 , 1.48; HC0 3 ~, 39.1; CI", 105.16; 
Ac", 5.0, were made as follows: 

55 Acid concentrate preparation: 

237.07 grams of CaCI 2 , 84.73 grams of MgCl a 
and 360 grams of acetic acid were dissolved in 
water to a volume of one liter. One hundred fifty 
cubic centimeters of this concentrate is sufficient 

so to supply the calcium ions, the magnesium ions, 
the acetate ions and a portion of the chloride ions 
in the foregoing 180 liters of dialysate formula- 
tion. 

65 
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Bicarbonate concentrate preparation: 

A unit package, the contents of which was 
dissolved in water to a volume of 12.85 liters 
to prepare the bicarbonate concentrate of this 
example, was prepared by admixing 1,033.49 
grams of NaCI, 591.12 grams of NaHCOg and 
26.50 grams of KCI. The 12.85 liters of this 
concentrate will supply all of the sodium ions, 
the potassium .ions, the bicarbonate ions and 
the balance of the chloride ions required in 
the dialysis solution of this Example. 

When the foregoing 150 cc of acid concen- 
trate and the 12.85 liters of bicarbonate con- 
centrate were admixed with 167 liters of water, 
180 liters of a dialysis solution having the 
foregoing composition were formed. 

Example 4: 

A quantity of a calcium ion, magnesium ion, 
chloride ion and acetate ion-containing concen- 
trate and a quantity of sodium ion, potassium 
ion, bicarbonate ion and chloride ion-contain- 
ing concentrate sufficient to produce, by ad- 
mixture with water, 180 liters of dialysate con- 
taining in milli-equivalents per liter: Na + , 
137.3; K\ 1.97; Ca +2 , 1.7; Mg +2 , 0.37; CI", 
105.2; HC0 3 ", 39.1; Ac", 5.1, were made as 
follows: 

Acid concentrate preparation: 

113.80 grams of CaCl z , 21.11 grams of MgCI 2 
and 365 grams of acetic acid were dissolved in 
water to a volume of one liter. One hundred 
fifty cubic centimeters of this concentrate is 
sufficient to supply the calcium ions, the mag- 
nesium ions, the acetate ions and a portion of 
the chloride ions required in the foregoing 180 
liters of dialysate formulation. 

Bicarbonate concentrate preparation: 

A unit package, the contents of which were 
dissolved in water to a volume of 12.85 liters 
to prepare a bicarbonate-comprising concen- 
trate/ was prepared by admixing 1,033.17 
grams of sodium chloride, 591.33 grams of 
sodium bicarbonate and 26.44 grams of 
potassium chloride. The 12.85 liters of this 
concentrate is sufficient to supply all of the 
sodium ions, the potassium ions, the bicarbo- 
nate ions and the balance of the chloride ions 
required in the dialysis solution of this 
Example. 

When 150 ml of the foregoing acid concen- 
trate and 12.85 liters of the bicarbonate con- 
centrate were admixed with 167 liters of water, 
a dialysate solution having the foregoing com- 
position was produced. 

Example 5: 

A quantity of a calcium ion, magnesium ion, 
chloride ion, and acetate ion-containing con- 
centrate and a quantity of sodium ion, 
potassium ion, bicarbonate ion and chloride 
ion-containing concentrate sufficient to pro- 
duce, by admixture with water, 180 liters of 



dialysate containing in milli-equivalents per li- 
ter: Na+, 135; K\ 1.5; Ca* 2 , 2.5; Mg* 2 , 1.0; 
CP, 101.9; HC0 3 ~, 38; Ac", 5, were made as 
follows: 

5 

Acid concentrate preparation: 

166.45 grams of CaCI 2 , 57.13 grams of MgCl a 
and 360.23 grams of acetic acid were dis- 
solved in water to a volume of one liter. One 
w hundred fifty cubic centimeters of this concen- 
trate is sufficient to supply the calcium ions, 
the magnesium ions, the acetate ions and a 
portion of the chloride ions required in the 
foregoing 180 liters of dialysate. 

75 

Bicarbonate concentrate preparation: 

A unit package, the contents of which were 
dissolved in water to a volume of 12.85 liters 
to form the bicarbonate concentrate, was pre- 

20 pared by admixing 1,020.1 grams of sodium 
chloride, 574.7 grams NaHC0 3 and 20.13 
grams of KCI. The 12.85 liters of this concen- 
trate is sufficient to supply all of the sodium 
ions, the potassium ions, the bicarbonate ions 

25 and the balance of the chloride ions required 
in the dialysate solution of this Example. 

When 150 ml of the foregoing acid concen- 
trate and 12.85 liters of the bicarbonate con- 
centrate were admixed with 167 liters of water, 

30 180 liters of a dialysis solution having the 
foregoing composition were formed. 

Example 6: 

A quantity of a calcium ion, chloride ion and 
35 acetate ion-containing concentrate and a quan- 
tity of sodium ion, potassium ion, bicarbonate 
ion and chloride ion-containing concentrate 
sufficient to produce, by admixture with water, 
180 liters of dialysate containing in milli-equi- 
40 valents per liter: Na + , 137.3; K + , 1.97; Ca* 2 , 
1.7; Mg +2 , 0; CP, 102; HOV, 39.1; Ac~, 5.1, 
were made as follows: 

Acid concentrate preparation: 

45 113.08 grams of CaCI 2 and 365 grams of 
acetic acid were dissolved in water to a 
volume of one liter. One hundred fifty cubic 
centimeters of this concentrate is sufficient to 
supply the calcium ion, the acetate ion and a 

so portion of the chloride ions required in the 
foregoing 180 liters of dialysate formulation. 

Bicarbonate concentrate preparation: 
A unit package, the contents of which were 

55 dissolved in water to a volume of 12.85 liters 
to prepare a bicarbonate-comprising concen- 
trate, was prepared by admixing 1,033.17 
grams of NaCI, 591.33 grams of NaHC0 3 and 
26.44 grams of KCI. The 12.85 liters of this 

60 concentrate is sufficient to supply all of the 
sodium ion, the potassium ions, the bicarbo- 
nate ions and the balance of the chloride ions 
required in the dialysis solution of this 
Example. 

65 When 150 ml of the foregoing acid concen- 
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trate and 12.85 liters of the bicarbonate concen- 
trate were admixed with 167 liters of water, 180 
liters of a dialysis solution having the foregoing 
composition were formed. 

Example 7: 

A quantity of a calcium ion, magnesium ion, 
chloride ion and acetate ion-containing concen- 
trate and a quantity of sodium ion, bicarbonate 
ion and chloride ion-containing concentrates suf- 
ficient to produce, by admixture with water, 180 
liters of dialysate solution containing in milli- 
equivalents per liter: Na\ 137.3; K + , 0; Ca* 2 , 1.7; 
Mg* 2 , 0.37; CI", 100.3; HC0 3 ", 39.1; Ac", 4,4, 
were made as follows: 

Acid concentrate preparation: 

113.08 grams of CaCI 2 , 21.11 grams of MgCI 2 
and 315 grams of acetic acid were dissolved in 
water to a volume of one liter. One hundred fifty 
cc of this concentrate is sufficient to provide the 
calcium ion, the magnesium ion, the acetate ion 
and a portion of the chloride ions required in the 
foregoing 180 liters of dialysate formulation. 

Bicarbonate concentrate preparation: 

A unit package, the contents of which were 
dissolved in water to a volume of 12.85 liters to 
prepare a bicarbonate concentrate, was prepared 
by admixing 1,033.17 grams of NaCI and 591.33 
grams of NaHC0 3 . The 12.85 liters of this concen- 
trate is sufficient to supply all of the sodium ion, 
the bicarbonate ions and the balance of the 
chloride ions required in the dialysis solution of 
this Example. 

When the foregoing acid concentrate in the 
amount of 150 cc and the 12.85 liters of the 
bicarbonate-comprising concentrate were 
admixed with 167 liters of water, 180 liters of a 
dialysis solution having the foregoing composi- 
tion were formed. 

Example 8: 

A quantity of a calcium ion, magnesium ion, 
chloride ion and acetate-containing concentrate, 
essentially saturated with respect to calcium 
chloride and magnesium chloride with regard to 
water present, and a quantity of sodium ion, 
potassium ion, bicarbonate ion and chloride ion- 
containing concentrate sufficient to produce, by 
admixture with water, 180 liters of dialysate con- 
taining in milli-equivalents per liter: Na*, 148.2; 
K*, 1.0; Ca +2 , 3.5; Mg +2 , 0.5; CP, 111.86; HCCV, 
41.39; Ac", 4.4, were made as follows: 

Acid concentrate preparation: 

34.89 grams of CaCI 2 and 4.28 grams of MgCI 2 
were dissolved in 66.5 grams of water forming, 
at 20°C, a saturated solution with respect to 
calcium chloride and magnesium chloride. To 
this solution was added 47. grams of acetic acid. 
The solution weighed 153.87 grams. This quan- 
tity of acid concentrate Is sufficient to supply the 
calcium ions, the magnesium ions, the acetate 
ions and a portion of the chloride ions required 
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in the foregoing 180 liters of dialysate formula- 
tion. 

Bicarbonate concentrate preparation: 

s A unit package, the contents of which were 
dissolved in water to a volume of 12.85 liters to 
prepare the bicarbonate concentrate was pre- 
pared by admixing 1,124.47 grams of NaCI, 626 
grams of NaHC0 3 and 13.42 grams of KCI. The 

w 12.85 liters of this bicarbonate-comprising con- 
centrate will supply all the sodium ions, the 
potassium ions, the bicarbonate ions and the 
balance of the chloride ions required in the 
dialysis solution of this Example. 

is When the foregoing acid concentrate, in 
weight 153.87 grams and the bicarbonate con- 
centrate in 12.85 liters volume were mixed with 
167 liters of water, 180 liters of a dialysate 
solution having the foregoing composition were 

20 formed. 

Example 9: 

A quantity of a calcium ion, magnesium ion, 
chloride ion and acetate ion-containing concen- 

25 trate and a quantity of sodium ion, potassium 
ion, bicarbonate ion, chloride ion and dextrose- 
containing concentrate sufficient to produce, by 
admixture with water, 180 liters of dialysate con- 
taining in milli-equivalents per liter: Na\ 148.2; 

30 K\ 1.0; Ca* 2 , 3.5; Mg+ 2 , 0.5; CP, 111.86; HCCV, 
41.39; Ac", 4.0; dextrose 2 g/l, were made as 
follows: 

Acid concentrate preparation: 

35 232.6 grams of CaCI 2 , 28.5 grams of MgCI 2 and 
287.92 grams of acetic acid were dissolved in 
water to a volume of one liter. One hundred fifty 
cubic centimeters of this concentrate is sufficient 
to supply the calcium ions, the magnesium ions, 

40 the acetate ions and a portion of the chloride 
ions required in the foregoing dialysate formula- 
tion. 

Bicarbonate concentrate preparation: 

45 A unit package, the contents of which were 
dissolved in water to a volume of 12.85 liters to 
prepare the bicarbonate concentrate, was pre- 
pared by admixing 1,124.37 grams of sodium 
chloride, 625.99 grams of sodium bicarbonate, 

50 13.42 grams of potassium chloride and 360 
grams of dextrose. The 12.85 liters of this con- 
centrate will supply all of the sodium ions, the 
potassium ions, the bicarbonate ions, the dex- 
trose and the balance of the chloride ions re- 

55 quired in the dialysis solution or dialysate formu- 
lation of this Example. 

When 150 ml of the foregoing acid concentrate 
and 12.85 liters of the bicarbonate concentrate 
were admixed with 167 liters of water, 180 liters 

60 of a dialysis solution having the foregoing com- 
position were formed: 

Example 10: 
A quantity of a calcium ion, magnesium ion, 
65 chloride ion and lactate ion-containing concen- 
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trate and a quantity of sodium ion, potassium ion, 
bicarbonate ion, chloride ion and dextrose-con- 
taining concentrate sufficient to produce, by ad- 
mixture with water, 1 80 liters of dialysate contain- 
ing in milli-equivalents per liter: Na + , 132; CP, 
83.3; HCCV, 39; Ca* 2 , 3.5; Mg+ 2 , 1.5; lactate", 
3.5; and 1.5% by weight of dextrose, were made 
as follows: 

Acid concentrate preparation: 

233.07 grams of calcium chloride, 85.71 grams 
of magnesium chloride and 378.34 grams of lactic 
acid were dissolved in water to a volume of one 
liter. One hundred fifty cubic centimeters of this 
concentrate is sufficient to supply the calcium 
ions, the magnesium ions, the lactate ions, and a 
portion of the chloride ions required in the forego- 
ing 180 liters of dialysate formulation. 

Bicarbonate concentrate preparation: 

A unit package, the contents of which were 
dissolved in water to a volume of 12.85 liters to 
prepare the bicarbonate concentrate, was pre- 
pared by admixing 589 grams of sodium bicarbo- 
nate, 823.79 grams of sodium chloride and 2,700 
grams of dextrose. The 12.85 liters of this concen- 
trate will supply all of the sodium ions, the 
bicarbonate ions, the dextrose and the balance of 
the chloride ions-required in the dialysis solution 
of this Example. 

When 150 ml of the foregoing acid concentrate 
and 12.85 liters of the bicarbonate concentrate 
were admixed with 167 liters of water, 180 liters of 
a dialysis solution having the foregoing composi- 
tion were formed. 

Example 1 1 : 

A quantity of a calcium ion, magnesium ion, 
chloride ion and lactate ion-containing concen- 
trate and a quantity of a particulate mixture 
consisting essentially of sodium chloride, sodium 
bicarbonate and dextrose which, when admixed 
with sufficient water produce two liters of a 
peritoneal dialysate containing in milli-equiva- 
lents per liter: Na + , 132; CI", 83.3; HC0 3 ", 39; 
Ca +2 , 3.5; Mg +2 , 1.5; lactate", 3.5; and 1.5% by 
weight dextrose were made as follows: 

Acid concentrate preparation: 

1.666 cubic centimeters of acid concentrate as 
prepared in Example 10 were placed in a hypoder- 
mic needle equipped syringe. 

Bicarbonate concentrate preparations: 

45.7 grams of a bicarbonate-comprising par- 
ticulate unit package, as prepared in Example 10, 
was placed in a flexible plastic bag and the air 
removed therefrom. 

The dialysate solution of this Example, which is 
well adapted for use in peritoneal dialysis, was 
prepared by first introducing two liters of de- 
aerated water into the flexible plastic bag. Sol- 
ution of the bicarbonate-comprising particulate 
was accomplished by physical movement of the 
bag for about two minutes. The acid concentrate 



was then introduced and admixed with the con- 
tents of the bag for one minute to produce the 
aforesaid 2 liters of the peritoneal dialysate of this 
Example. 

s Rgure 1 illustrates the effect of pH on the 
tendency of bicarbonate-comprising dialysates 
having the composition described in Example 2 to 
form precipitates. The several experimental 
points plotted in said Rgure represent a series of 

io identically prepared dialysate solutions, with the 
exception of the amount of glacial acetic acid 
added per liter of dialysate to control the pH of the 
solution. To be compatible with blood, the dialy- 
sate solution must have a pH between about 7.2 

is and 7.4. In this series of Experiments, using 0.25 
ml of glacial acetic acid per liter, a pH of 7.4 was 
obtained and, after some 168 hours standing at 
room temperature, precipitate formation in the 
form of readily observed light-reflecting particles 

20 was observed. 

A similar preparation, but containing 0.125 cc 
glacial acetic acid per liter and having a pH of 
7.57, developed a similar visual precipitate within 
six hours, while another similar preparation to 

25 which no acetic acid was added had a pH of 7.65 
and a precipitate of magnesium and calcium 
carbonate formed immediately. 

Preparations containing 0.375 cc and more of 
glacial acetic acid showed no evidence of precipi- 
ce tate formation for over 168 hours. Figure 1 illus- 
trates the critlcality of pH insofar as it relates to 
precipitate formation in magnesium and calcium- 
comprising bicarbonate dialysate solutions, and 
said Figure 1 directionaliy can be used for product 

35 formulation purposes. 

When acid concentrates (for example, acetic 
acid-containing concentrates) of this invention 
are admixed with aqueous solutions comprising 
sodium bicarbonate, the acid, in part, reacts with 

40 the sodium bicarbonate to form sodium acetate, 
hydrogen ion, and bicarbonate ion. As time 
passes, under use conditions, there is a tendency 
for the bicarbonate ion to dissociate with the loss 
of C0 2 from the solution, causing an increase in 

45 pH and a loss of bicarbonate ion content in the 
dialysis solution as illustrated in Figure 2. 
Because of this fact, it is necessary for pH control 
to include sufficient acid in the acid concentrate to 
compensate for that acidity which is lost by C0 2 

so evolution from the time of acid concentrate ad- 
mixture with the bicarbonate-comprising solution 
under use conditions. 

The formulation of Example 2 is given to illus- 
trate how, in practice the amount of acid used in 

ss concentrate formulation can be varied to achieve 
control of dialysate pH to avoid undesirable cal- 
cium and magnesium precipitation. The dialysate 
produced following the teaching of Example 2 
had a pH value of near 7.4 when 287.92 grams 

so acetic acid per liter was contained in the acid 
concentrate. 

Following the teaching of Figure 1, in order to 
produce a dialysate having a pH of near 7.3 
several hours after admixing the acid concentrate 

65 and the bicarbonate solution, it would be 
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necessary to use 393.28 grams per liter acetic acid 
in the acid concentrate of Example 2. In practice, 
the exact acid content of the acid concentrate, 
e.g., acetic, lactic, hydrochloric or other phy- 
siologically acceptable acids, is selected and con- 
trolled to obtain the required dialysate pH at time 
of use. 

In the development of this invention, it was 
found that the extent of component dilution and 
order of admixing is important, insofar as 
obtained dialysate stability properties are con- 
cerned. Figure 2 illustrates how the pH varies with 
time in composition-wise identical dialysate pre- 
parations (solutions), differing only in the manner 
and order of diluting the components before 
admixing. Experimentally, pH was measured 
using a meter sensitive to 0.01 pH unit. Standard 
buffer solutions were used for calibration. The 
dialysate solutions were contained in a 500 ml 
beaker and mixed, using a 1 1/2" magnetic bar 
rotating at about 600 rpm (kept constant for all 
experiments). Stirring energy was sufficient to 
form a vortex down to the magnet bar. The 
following procedure was used: 

Curve A of Figure 2: 

1) 0.416 ml of Example 2 calcium, magnesium 
ion-comprising concentrate placed in 500 ml 
beaker. 

2) 483.9 ml distilled water added and stirring 
initiated; pH noted. 

3) 35.7 ml of Example 2 bicarbonate solution 
concentrate added and change in pH noted 
from time zero. 

Curve B of Figure 2: 

1) 35.7 ml of Example 2 bicarbonate solution 
concentrate placed in 500 ml beaker. 

2) 463.9 ml distilled water added and stirring 
initiated; pH noted. 

3) 0.416 ml Example 2 calcium, magnesium ion 
concentrate solution added and change in 
pH noted from time zero. 

Curve C of Figure 2: 

1) 0.416 ml Example 2 calcium, magnesium 
ion-comprising concentrate admixed with 
249.6 ml distilled water. 

2) 35.7 ml of Example 2 bicarbonate-compris- 
ing concentrate admixed with 214.3 ml distil- 
led water. 

3) Solutions (1) and (2) above concurrently 
poured into 500 ml beaker with stirrer rotat- 
ing. pH change observed as a function of 
time. 

The acetic acid content of the dialysate solu- 
tions depicted in Figure 2 were intentionally 
selected to have a final pH near 7.4 so as to better 
observe the onset of visual calcium and mag- 
nesium carbonate precipitate formation, it was 
surprisingly found that when, at the time of 
initiating* mixing, the bulk of the solution was acid 
and the concentrated bicarbonate was introduced 
into the system, the approach to a steady state pH 



condition was relatively slow (Curve A) as com- 
pared to the situation were the bulk of the sol- 
ution was basic (Curve B) and the acid concen- 
trate was added. The small volume of acid con- 

5 centrate, when added to the bulk of basic sol- 
ution, caused a far more rapid change in pH than 
was observed for Curve A. 

Curve C of Figure 2 represents the situation 
where the acid components and the basic com- 

w ponents are diluted to equal volume before ad- 
mixing. It was found that this procedure produces 
a more stable dialysate solution as was observed 
by noting the longer time before the onset of 
visual precipitation. Visual precipitation was not 

75 observed until about 168 hours, whereas the 
precipizute for Systems A and B were noted in 
about 48 hours. 

The rate and amount of C0 2 evolution was 
observed to differ for procedures A, B and C. 

20 When, as in Curve B of Figure 2, acid concentrate 
was added to a bulk of diluted bicarbonate, C0 2 
evolution was visually initially noticeably greater 
than when bicarbonate concentrate is added to a 
diluted acid solution as in curve A of Figure 2. 

25 It was also noted that visually observable C0 2 
evolution continued for a longer period of time 
when, as in Curve A, concentrated bicarbonate 
was admixed with diluted acid. Tests represented 
by Curve C of Figure 2 had less C0 2 evolution, as 

30 indicated by C0 2 evolution and pH change, than 
either tests represented by Curve A or Curve B. 
The pH measurements of Curve C indicate that a 
relatively steady state was reached after about < 
fifteen minutes whereas tests represented by 

35 both Curves A and B continued to show notice- 
able increases in pH after about 15 minutes. 

Applicant has found that bicarbonate-compris- 
ing dialysate solutions of improved stability 
against precipitation formation can be made by 

40 separately diluting an aqueous concentrated 
magnesium, calcium and acid-comprising com- 
ponent, and a concentrate comprising sodium 
bicarbonate, sodium chloride and potassium 
chloride with water, each to about one-half of the 

45 total volume of the final dialysate solution (see 
Figure 2, Curve C) before concurrently admixing 
the two diluted materials, preferably in turbulent 
flow, to form the desired dialysate solution 
having a predetermined pH of between 7.2 and 

so 7.4. The aforementioned procedure can be con- 
ducted on a batch or on a continuous in-line basis. 

Applicant does not wish to be bound by theory. 
However, it is known that, in all mixing systems, it 
is difficult to uniformly disperse a small volume of 

55 liquid or solid concentrated material effectively 
throughout a large volume of diluent. As one 
"pre-dilutes" a given volume of concentrated 
material with a portion of the diluent, before 
admixing with the remainder of the diluent, the 

60 net resulting uniformity of the solution (under any 
given admixing procedure) is improved. Thus, the 
extent of individual component pre-dilution can 
be utilized to improve solution quality where 
incremental volume ion concentrates are impor- 

65 tant. 
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Rgure 3 illustrates how the acid concentrates of 
this invention differ from those of the prior art 
from the standpoint of contained calcium chloride 
plus magnesium chloride per liter of water in the 
acid concentrate (acidic concentrated aqueous 
solution). Currently used commercial acid con- 
centrates, for example, contain from 5.3 to 13.87 
grams of calcium chloride plus magnesium 
chloride per liter of water, whereas a preferred 
acid concentrate of this invention contains 366.4 
grams of calcium chloride plus magnesium 
chloride, if present. Further, Example 8, forego- 
ing, demonstrates that near-saturated concen- 
trates, such as one containing 589 grams calcium 
chloride, have unique utility. Expressed in terms 
of percent saturation of water contained in the 
acid concentrate products of the prior art, which 
are less than 2% saturated, preferred composi- 
tions of this invention are 60 or more percent 
saturated. 

Acid concentrates of this invention differ mar- 
kedly from prior art materials from the composi- 
tion and concentration standpoints and have 
operational and economical advantages. 

The foregoing evidence demonstrates that the 
unique, highly concentrated acid-containing cal- 
cium ion and, optionally, magnesium ion-com- 
prising compositions of this invention and the 
unique particulate sodium bicarbonate-compris- 
ing compositions can be utilized using a wide 
range of solution admixing procedures, but that a 
preferred procedure is one wherein a maximum 
dilution of each component is obtained before 
admixing the bicarbonate-comprising solution 
with solutions comprising ions reactive to bicar- 
bonate. Such ions include calcium ions and mag- 
nesium ions. 

The dialysis solutions of this invention are, as is 
conventional In the art, preferably prepared with 
de-aerated water.' 

As used herein, the term "cc' means "cubic 
centimeter" and, for the purpose of this invention, 
1 cc is equivalent to 1 ml (one milliliter). 

Claims 

1. A method for preparing a bicarbonate dialy- 
sis solution containing sodium, bicarbonate, cal- 
cium and chloride ions and having a pH of from 
7.2 to 7.4 characterised in that said dialysis sol- 
ution consists essentially of: (a) about 120 to 155 
m Eq per litre of sodium ions; (b) about 30 to 42 m 
Eq per litre of bicarbonate ions; (c) about 1 to 5 m 
Eq per litre of calcium ions; (d) about 80 to 1 15 m 
Eq per litre of chloride ions; and (e) water to make 
one litre, and in that the method comprises 
diluting with water an acidic concentrated first 
aqueous solution (a) consisting essentially of an 
amount of calcium chloride effective for providing 
about 1 to 5 m Eq of calcium ions per litre of said 
dialysis solution and and amount of physiologi- 
cally acceptable acid effective for causing said 
dialysis solution to have a pH of 7.2 to 7.4, said 
acidic concentrated first aqueous solution being 
free of sodium chloride; diluting with water a 



second aqueous solutions (B) consisting essen- 
tially all of the sodium ions and all of the bicarbo- 
nate ions present in said dialysis solution and 
being free of calcium and magnesium salts, and 

5 admixing the diluted solutions to form said dialy- 
sis solution. 

2. The method of claim 1 in which up to 115 
grams per litre of magnesium chloride is present 
in the acidic concentrated first aqueous solution. 

10 3. The method of claim 1 or 2 in which the 
physiologically acceptable acid is a member 
selected from the group consisting of acetic acid, 
lactic acid and hydrochloric acid. 

4. The method of claim 1, 2 or 3 wherein said 
is second aqueous solution contains an amount of 

potassium chloride effective for providing up to 3 
m Eq of potassium ions per litre of said dialysis 
solution or an amount of dextrose effective for 
providing up to 50 grams of dextrose per litre of 
20 said dialysis solution. 

5. A product solution suitable for use as the 
acidic concentrated first aqueous solution when 
preparing a dialysis solution in accordance with 
the method of claim 1 and consisting essentially 

25 of water, from about 50 to 550 grams per litre of 
calcium chloride and either from about 275 to 475 
grams per litre of hydrochloric acid or from about 
400 to 700 grams per litre of lactic acid and being 
free of sodium chloride. 

30 6. A product solution suitable for use as the 
acidic concentrated first aqueous solution when 
preparing a dialysis solution in accordance with 
the method of claim 2 and consisting essentially 
of water, from about 50 to 435 grams per litre of 

35 calcium chloride, up to 115 grams per litre of 
magnesium chloride and either from about 275 to 
475 grams per litre of hydrochloric acid or from 
about 400 to 700 grams per litre of lactic acid and 
being free of sodium chloride. 

40 7. A method of preparing a predetermined 
volume of a dialysis solution comprising: 

a) diluting the product solution of either of 
claims 5 or 6 with an amount of water effective for 
forming a first solution having about one-half the 

45 volume of said dialysis solution; 

b) forming a second solution by dissolving a 
particulate water-free admixture which is free of 
calcium and magnesium salts and is selected 
from the group consisting of: (r) an admixture 

so consisting essentially of about 40 to 70% by 
weight sodium chloride, about 20 to 40% by 
weight sodium bicarbonate, about 0 to 3% by 
weight potassium chloride and about 0 to 40% by 
weight dextrose; (ii) an admixture consisting 

55 essentially of about 63.5% by weight sodium 
chloride, about 35% by weight sodium carbonate 
and about 1.5% by weight potassium chloride; 
and (iii) about 36% by weight sodium chloride, 
about 24% by weight sodium bicarbonate, about 

60 0.85% by weight potassium chloride and about 
40% by weight dextrose; 
(c) diluting said second solution with an 
* amount of water effective for forming a third 
solution having about one-half the volume of said 

65 dialysis solution; 
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d) concurrently admixing said first solution and 
said third solution to form said dialysis solution; 
and 

e) recovering said dialysis solution. 

8. A method for preparing a bicarbonate dialy- 
sis solution containing sodium, bicarbonate, cal- 
cium and chloride ions and having a pH of from 
7.2 to 7.4 characterised in that said dialysis sol- 
ution consists essentially of (a) about 120 to 155 
m Eq per litre of sodium ion; (b) about 30 to 42 m 
Eq per litre of bicarbonate ion; (c) about 1 to 5 m 
Eq per litre of calcium ion; (d) about 0 to 2 m Eq 
per litre magnesium ion; (e) about 0 to 7 m Eq per 
litre of acetate ion; (f) about 0 to 3 m Eq per litre of 
potassium ion; (g) about 0 to 5 grams per litre 
dextrose; (h) about 80 to 115 m Eq per litre 
chloride ion; (i) about 0 to 5 m Eq per litre lactate 
ion; and (j) water to make one litre, and in that the 
method comprises admixing (i) water, (ii) an acid 
concentrate which is free of sodium chloride and 
which consists essentially of water, calcium 
chloride, magnesium chloride when required and 
an amount of acetic acid, hydrochloric or lactic 
acid effective for causing the dialysis solution to 
have a pH of 7.2 to 7.4, and (iii) an aqueous 
solution consisting of sodium bicarbonate, 
sodium chloride, potassium chloride when re- 
quired and dextrose when required; the aqueous 
bicarbonate-comprising solution being prepared 
by admixing with water a substantially water-free 
particulate admixture which consists essentially 
of sodium chloride, sodium bicarbonate, 
potassium chloride when required and dextrose 
when required and which is free of calcium and 
magnesium salts. 

9. A method for preparing about 2 litres of a 
solution useful for peritoneal dialysis charac- 
terised in that the method comprises: (a) packag- 
ing, in a flexible plastic bag, about 45.7 grams of a 
substantially water-free particulate admixture 
which consists essentially of 589 parts by weight 
of sodium bicarbonate, 823 parts by weight of 
sodium chloride and 2,700 parts by weight of 
dextrose and which is free of calcium and mag- 
nesium salts; removing air from said flexible 
plastic bag, and sealing the resulting substantially 
air-free flexible plastic bag; (b) packaging, in a 
needle equipped hypodermic syringe, about 
1.666 ml of an acidic concentrated aqueous sol- 
ution which consists essentially of 233 grams of 
calcium chloride per litre, 85 grams of mag- 
nesium chloride per litre and 378 grams of lactic 
acid per litre and which is free of sodium chloride; 
(c) adding about 2 litres of de-aerated water to the 
substantially air-free flexible plastic bag without 
introducing air into the bag, and dissolving said 
water-free particulate admixture in said water; 
and (d) transferring the aforesaid acidic concen- 
trated aqueous solution from the hypodermic 
syringe to the solution in said bag and mixing the 
resulting composition therein to form said sol- 
ution useful for peritoneal dialysis. 
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Patentanspruche 

1. Verfahren zur Herstellung einer Bicarbonat- 
Dialyseldsung, die Natrium, Bicarbonate Cal- 
5 cium-, und Chlorid-lonen enthalt und einen PH- 
Wert im Bereich von 7,2 bis 7,4 aufweist, dadurch 
gekennzeichnet, dafi die Dialyseldsung pro Liter 
im wesentlichen besteht aus: 
a) etwa 120—155 mVal Natrium-lonen, 
w b) etwa 30 — 40 mVal Bicarbonat-lonen, 

c) etwa 1 — 5 mVal Calcium-lonen, 

d) etwa 80—115 mVal Chlorid-lonen und 

e) Rest Wasser, 
und daS zur Herstellung der Dialyseldsung zu- 

15 nachst eine konzentriert saure, erste wassrige 
Ldsung (A), die im wesentlichen so viel Cal- 
ciumchlorid, da& sich etwa 1—5 mVal Calcium- 
lonen pro Liter der Dialyseldsung, uns so viel 
physiologisch greifbare Saure enthalt, daS die 
20 Dialyseldsung einen PH-Wert von 7,2 bis 7,4 
aufweist, mit Wasser verdunnt wird, wobei diese 
erste wassrige Losung frei von Natrtumchlorid ist, 
daB dann eine zweite wassrige Losung (B), die im 
wesentlichen samtliche, in der Dialyseldsung 
25 enthaltene Bicarbonat-lonen enthdit und frei von 
Calcium- und Magnesiumsalzen ist, mit Wasser 
verdunnt wird, und daS anschlieSend die beiden 
verdunnten Ldsungen zur Bildung der Dialyseld- 
sung gemischt werden. 
30 2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet daS in der konzentriert sauren, ersten 
wassrigen Ldsung Magnesiumchlorid bis zu 115 
g/l enthalten ist; 

3. Verfahr nach Anspruch 1 Oder 2, dadurch 
35 gekennzeichnet, da& die physiologisch greifbare 

Saure aus der Gruppe Essigsaure, Milchsaure und 
Saizsaure stammt. 

4. Verfahren nach Anspruch 1, 2 oder 3, da- 
durch gekennzeichnet, daft die zweite wassrige 

40 Ldsung so viel Katiumchlorid enthalt, daS sich bis 
zu 3 mVal Kalium-lonen pro Liter der Dialyseld- 
sung ergeben, und so viel Dextrose, daft die 
Dialyseldsung pro Liter bis zu 50g Dextrose ent- 
halt. 

45 5. Ausgangsidsung, die bei der Herstellung 
einer Dialyseldsung gemaB Anspruch 1 als kon- 
zentriet saure, erste wassrige Ldsung geeignet ist 
und im wesentlichen aus Wasser, Calciumchlorid 
von etwa 50—550 g/l und entweder Saizsaure von 
so etwa 275—475 g/l Oder Milchsaure von etwa 
400—700 g/I besteht, und die frei von Natriumch- 
lorid 1ST. 

6. Ausgangsidsung, die bei der Herstellung 
einer Dialyseldsung gemaR Anspruch 2 als kon- 

55 zentriert saure, erste wassrige Ldsung geeignet 
ist und im wesentlichen aus Wasser, Calciumchlo- 
rid von etwa 50—435 g/l, Magnesiumchlorid bis 
zu 115 g/i und entweder Saizsaure von etwa 
275—475 g/l oder Milchsaure von etwa 400—700 
60 g/l besteht und die frei von Natriumchlorid ist. 

7. Verfahren zur Herstellung eines vorgegebe- 
nen Volumens einer Dialyseldsung, wobei 

a) die Ldsung gemaS Anspruch 5 oder 6 mit so 
viel Wasser verdunnt wird, dafc sich eine erste 
65 Ldsung mit etwa der Halfte des Volumens der 
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Dialyselosung ergibt, 

b) wobei sine zweite Losung durch Losen einer 
im wesentlichen wasserlosen Mischung gebildet 
wird, die frei ist von Calcium- und Magnesiumsal- 
zen und die aus folgender Gruppe ausgewahlt ist: 

I. eine Mischung, bestehend aus im wesent- 
lichen von etwa 40—70 Gewichtsprozent Na- 
triumchlorid, etwa 20 — 40 Gewichtsprozent 
Natrium-Bicarbonat, etwa 0—3 Gewichtspro- 
zent Kaliumchlorid und etwa 0 — 40 Gewichts- 
prozent Dextrose, 

II. einer Mischung bestehend aus im wesent- 
lichen 63,5 Gewichtsprozent Natriumchloride, 
etwa 35 Gewichtsprozent Natriumcarbonat 
und etwa 1,5 Gewichtsprozent Kaliumchlorid, 
und 

III. einer Mischung mit etwa 36 Gewichtsprozent 
Natriumchlorid, etwa 24 Gewichtsprozent Na- 
triumcarbonat, etwa 0,85 Gewichtsprozent Ka- 
liumchlorid und etwa 40 Gewichtsprozent 
Dextrose, 

c) wobei diese zweite Losung mit so viel Wasser 
verdunnt wird, daS sich eine dritte Losung ergibt, 
die etwa die Halfte des Volumens der Dialyselo- 
sung aufweist, 

d) wobei die genannte erste Losung und die 
genannte dritte Losung zur Bildung der genann- 
ten Dialyselosung gleichzeitig vermischt werden 
und 

e) wobei diese Dialyselosung gewonnen wird. 
8. Verfahren zur Herstellung einer Bicarbonat- 

Dialyseldsung, die Natrium-, Bicarbonat-, Cal- 
cium- und Chlorid-lonen enthalt und einen PH- 
Wert im Bereich von 7,2 bis 7,4 aufweist, dadurch 
gekennzeichnet, daB die Dialyselosung pro Liter 
im wesentlichen besteht aus: 

a) etwa 120—150 mVal Natrium-lonen, 

b) etwa 30—42 mVal Bicarbonat-lonen, 

c) etwa 1—5 mVal Caicium-lonen, 

d) etwa 0—2 mVal Magnesium-lonen, 

e) etwa 0—7 mVal AzetaMonen, 

f) etwa 0—3 mVal Kalium-lonen, 

g) etwa 0—5 g Dextrose,. 

h) etwa 80—115 mVal Chlorid-lonen, 

i) etwa 0—5 mVal Lactat-lonen und 
j) Rest Wasser, 

und da& 

I. Wasser 

II. ein SSurekonzentrat, das frei von Natriumch- 
lorid ist und im wesentlichen aus Wasser, 
Calciumchlorid, wenn erforderlich Magne- 
siumchlorid, und so viel Essigsaure, Salzsaure 
Oder Milchsaure besteht, daB die Dialyselo- 
sung einen PH-Wert im Bereich von 7.2 bis 7.4 
aufweist, und 

III. eine wassrige Losung, bestehend aus Na- 
trium-Bicarbonat, Natriumchlorid, wenn erfor- 
derlich Kaliumchlorid und wenn erforderlich 
Dextrose, gemischt werden, 



wobei die wassrige, Bicarbonat enthaltende Lo- 
sung durch Mischen von Wasser mit einer im 
wesentlichen wasserfreien Mischung, die im 
wesentlichen aus Natriumchlorid, Natrium-Bicar- 

5 bonat, wenn erforderlich Kaliumchlorid und wenn 
erforderlich Dextrose, besteht und die frei urn 
Calcium- und Magnesiumsalzen ist, erhalten wird. 

9. Verfahren zur Herstellung von etwa zwei 
Litem einer fOr peritoneale Dialyse geeigneten 

10 Losung, gekennzeichnet durch folgende Schritte: 
a) Abpackung von etwa 45,7 g einer im wesent- 
lichen wasserfreien Mischung, die im wesent- 
lichen besteht aus 589 Gewichtsanteilen Natrium- 
Bicarbonat, 823 Gewichtsanteilen Natriumchlorid 

is und 2 700 Gewichtsanteilen Dextrose und die frei 
von Calcium- und Magnesiumsalzen ist, in einen 
flexiblen Plastikbehalter, aus dem die Luft ent- 
fernt wird und der in im wesentlichen luftleerem 
Zustand abgedichtet wird, 

20 b) Abpacken von etwa 1,666 ml einer konzen- 
triert sauren wassrigen L6sung, die im wesent- 
lichen besteht aus 233 Calciumchlorid pro Liter, 
85 g Magnesiumchlorid pro Liter und 378 g 
Milchsaure pro Liter und die frei von Natriumchlo- 

2$ rid ist, in eine mit einer Nadel versehene Injek- 
tionsspritze, 

c) Zugabe von etwa 2 I von entluftetem Wasser 
in den im wesentlichen Luftleeren, flexiblen Pla- 
stikbehalter, ohne daft Luft zugefuhrt wird, wobei 

30 die wasserfreie Mischung mit dem Wasser ge- 
mischt wird und 

d) Einbringung der obengenannten konzentriert 
sauren wSssrigen Losung aus der Injektionssprit- 
ze in die Losung im genannten Behalter und 

35 Mischen des Inhalts zur Bildung der fOr peritio- 
neale Dialyse geeigneten Losung. 

Revendications 

40 1. Proc6d6 de preparation d'une solution de 
dialyse a base de bicarbonate contenant des ions 
sodium, bicarbonate, calcium et chlorure et ayant 
un pH de 7,2 a 7,4, caracterisS en ce que la 
solution de dialyse consiste essentiellement de: 

45 (a) environ 120 a 155 mEq par litre d'ions sodium; 
(b) environ 30 a 42 mEq par litre d'ions bicarbo- 
nate; (c) environ 1 a 5 mEq par litre d'ions 
calcium; (d) environ 80 a 115 mEq par litre d'ions 
chlorure; et (e) de I'eau en quantity suffisante 

so pour un litre, et en ce que le proc§de comprend la 
dilution avec de I'eau d'une premiere solution 
aqueuse concentre en acide (A) consistant es- 
sentiellement d'une quantity de chlorure de cal- 
cium suffisante pour fournir environ 13 5 mEq 

55 d'ions calcium par litre de ladite solution de 
dialyse et une quantite d'acide physiologique- 
ment acceptable suffisante pour porter ladite 
solution de dialyse a un pH de 7,2 a 7,4, ladite 
premiere solution aqueuse concentree en acide 

60 etant exempte de chlorure de sodium; la dilution 
avec de I'eau d'une seconde solution aqueuse (B) 
consistant essentiellement de tous les ions so- 
dium et de tous les ions bicarbonate presents 
dans ladite solution de dialyse et 6tant exempte 

65 de sels de calcium et de magnesium, et le me- 



12 



23 



0 086 553 



24 



lange des solutions diluees pour former iadite 
solution de dialyse. 

2. Procede selon la revendication 1, dans lequel 
jusqu'a 115 g/l de chlorure de magnesium est 
present dans la premiere solution aqueuse 
concentre en acide. 

3. Procede selon la revendication 1 ou 2, dans 
lequel I'acide physiologiquement acceptable est 
choisi dans le groupe consistant en acide aceti- 
que, acide lactique et acid chlorhydrique. 

4. Procede selon la revendication 1, 2 ou 3, dans 
lequel Iadite second solution aqueuse contient 
une quantite de* chlorure de potassium suffisante 
pour fournir jusqu'a 3 mEq de ions potassium par 
litre de Iadite solution de dialyse ou une quantite 
de dextrose suffisante pour fournir jusqu'a 50 g 
de dextrose par litre de la quantite* de solution de 
dialyse. 

5. Solution de produit convenable pour etre 
utilised comme premiere solution aqueuse 
concentree en acide lorsque Ton prepare une 
solution de dialyse selon le procede de la revendi- 
cation 1 et consistant d'eau, d'environ 50 a 550 g/l 
de chlorure de calcium et soit d'environ 275 a 475 
g/l d'acide chlorhydrique, soit d'environ 400 a 700 
g/l d'acide lactique et etant exempte de chlorure 
de sodium. 

6. Solution de produit convenable pour etre 
utilised comme premiere solution aqueuse 
concentree en acide lorsque Ton prepare une 
solution de dialyse selon la procede de la revendi- 
cation 2 et consistant essentiellement d'eau, d'en- 
viron 50 a 435 g/l de chlorure de calcium, jusqu'a 
115 g/l de chlorure de magnesium et soit d'envi- 
ron 275 a 475 g/l d'acide chlorhydrique, soit de 
40a a 700 g/l d'acide lactique et etant excempt de 
chlorure de sodium. 

7. Procede de preparation d'un volume prede- 
termine d'une solution de dialyse comprenant: 

a) la dilution d'une solution de produit de la 
revendication 5 ou 6 avec une quantite d'eau 
suffisante pour former une premiere solution 
ayant environ la moitie du volume de Iadite 
solution de dialyse; 

b) la formation d'une seconde solution par 
dissolution d'un melange exempte d'eau sous 
forme de particules qui est exempte de sels de 
calcium et de magnesium et est choisie dans le 
groupe consistant en: 

(i) un melange consistant essentiellement d'en- 
viron 40 a 70% en poids de chlorure de sodium 
environ 20 a 40% en poids de bicarbonate de 
sodium, environ 0 a 3% en poids de chlorure de 
potassium et environ 0 a 40% en poids de 
dextrose; (ii) un melange consistant essentielle- 
ment en environ 63,5% en poids de chlorure de 
sodium, environ 35% en poids de carbonate de 
sodium et environ 1,5% en poids de chlorure de 
potassium; et (iii) environ 36% en poids de 
chlorure de sodium, environ 24% en poids de 
bicarbonate de sodium, environ 0,85% en poids 
de chlorure de potassium et environ 40% en 
poids de dextrose; 

c) la dilution de Iadite seconde solution avec 
une quantity d'eau suffisante pour former une 



troisieme solution ayant environ la moiti6 du 
volume de laite solution de dialyse; 

d) le melange simultane de Iadite premiere 
solution et de Iadite troisieme solution pour for- 

5 mer Iadite solution de dialyse; et 

e) la recuperation de Iadite solution de dialyse. 
8. Procede de preparation d'une solution de 

dialyse a base de bicarbonate contenant des ions 
sodium, bicarbonate, calcium et chlorure et ayant 

io un pH ailant de 7,2 a 7,4, caracterise en ce que la 
solution de dialyse consiste essentiellement en 
(a) 120 a 155 mEq par litre de ion sodium; (b) 
environ 30 a 42 mEq par litre d'ion bicarbonate; 
(c) environ 1 a 5 mEq par litre de ion calcium; (d) 

is environ 0 a 2 mEq par litre d'ion magnesium; (e) 
environ 0 a 7 mEq par litre d'ion acetate; (f) 
environ 0 a 3 mEq par litre d'ion potassium; (g) 
environ 0 a 5 g/l de dextrose; (h) environ 80 a 1 15 
mEq par litre d'ion de chlorure; (i) environ 0 a 5 

20 mEq par litre d'ion lactate; et (j) de i'eau en 
quantite pourfaire un litre, et en ce que le procede 
comprend le melange (i) d'eau, (ii) d'un concentre 
acide qui est exempt de chlorure de sodium et qui 
consiste essentiellement en eau, chlorure de cal- 

25 cium, chlorure de magnesium lorsque necessaire 
et d'une quantite d'acide acetique, d'acide chlo- 
rhydrique ou lactique suffisante pour porter le pH 
de la solution de dialyse de 7,2 a 7,4, et (iii) une 
solution aqueuse consistant en bicarbonate de 

30 sodium, chlorure de sodium, chlorure de potas- 
sium lorsque necessaire et de dextrose lorsque 
necessaire; la solution aqueuse comprenant du 
bicarbonate etant pr£paree par melange avec de 
I'eau d'un melange essentiellement excempt 

35 d'eau sous forme de particule qui consiste essen- 
tiellement en chlorure de sodium, bicarbonate de 
sodium, chlorure de potassium lorsque neces- 
saire et du dextrose lorsque necessaire et qui est 
exempt de sels de calcium et de magnesium. 

40 9. Procede de preparation d'environ 2 litres 
• d'une solution utile pour la diaiyse peritoneale, 
caracterise en ce que le procede comprend: (a) 
I'empaquetage, dans un sac de plastique soupie, 
d'environ 45,7 g d'un melange sous forme de 

45 particules essentiellement exempt d'eau qui 
consiste essentiellement de 589 parties en poids 
de bicarbonate de sodium, 823 parties en poids 
de chlorure de sodium et 2700 parties en poids de 
dextrose et qui est exempt de sels de calcium et 

so de magnesium; le retrait de I'air dudit sac de 
plastique souple, et le scellement du sac de 
plastique souple essentiellement exempt d'air qui 
en resutte; (b) I'empaquetage, dans une seringue 
hypodermique equipee d'une aiguille, d'environ 

55 1,666 mi d'une solution aqueuse concentree en 
acide qui consiste essentiellement de 233 g de 
chlorure de calcium par litre, 85 g de chlorure de 
magnesium par litre et 378 g d'acide lactique par 
litre et qui est exempt de chlorure de sodium; (c) 

so I'addition d'environ 2 litres d'eau desaer£e au sac 
de plastique souple essentiellement exempt d'air 
sans introduce de I'air dans le sac, et dissolution 
dudit melange sous forme de particules exempt 
d'eau dans Iadite eau; et (d) le transfert de la 
65 precedente solution aqueuse concentree en acide 
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de la seringue hypodermique a la solution dans 
ledit sac et le melange de la composition resul- 



tante pour former ladite solution utile pour la 
dialyse p6riton6ale. 
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